Lightning variables monitored by a LDN which included 12 LPATS IV VAISALA sensors distributed over eastern Amazonia, were analyzed during five severe rainstorm occurrences in Belem-PA-Brazil, in 2007. For the analysis of the days of severe storms, data from a high time resolution pluviometer, operated by CPRM in Belem, were also used. These case studies referred to rainfall events, which produced more than 40 mm of precipitation totals, registered by a tipping bucket automatic pluviometer located at 1°24' S, 48°26' W. Centered at this location, a 30 km radius circle was drawn by means of a geographic information system, and the data from lightning occurrences within this area, were set apart for analysis. The associated CG lightning events do not show a recognizable displacement pattern over the neighboring area. Instead, they occur almost simultaneously over the surrounding area, covered by meso scale convective systems. These case studies constitute a basis for future warnings of severe rainfall in Belem, and other locations, in the Region.
INTRODUCTION
Belem is a city located at the confluence of the Guamá River with the Guajará Bay, about 150 km away from the Atlantic Ocean, along the southern shore of the mouth of the Amazon River. The level of its surrounding water masses is significantly determined by tides, which during the trimester March to May, may exceed the 2.5 m amplitude. This period coincides with part of the local rainy season, when the precipitation is strongly influenced by the inter-annual variability of the atmospheric general circulation, accumulating most of its nearly 3,000 mm annual average total. (Figueroa and Nobre, 1990) . The rainy period in Belem is largely modulated by the drift of the Inter Tropical Convergence Zone ( ITCZ) over this equatorial latitude ( Ferreira, 1998) , frequently producing severe lightning and rain storms , from January to May. The combined effect of the simultaneous high tides with severe rainfall, is the overflow of the drainage channels of the city, resulting in serious traffic jams and economic losses to its population. At present, no real time flood warning system is available to mitigate these situations, through the local Civil Defense and communications media. This work represents an attempt to contribute to the development of a low cost intense rainfall warning method, based on the knowledge of the relationship between the lightning frequency of occurrences and the associated rainfall, during severe storm events, in Belém. For this purpose, lightning detecting and rainfall measuring data of observations made by local institutions were used, through a joint effort which will be described bellow.
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2-MATERIALS AND METHODS
In order to analyze the severe lightning storm events, a 30 km radius circle was defined to draw a sub set of data from the Amazonia Protection System -Lightning Detection Network ( SIPAM -LDN ). This área was centered at one digital tipping bucket pluviometers, from a surface meteorological station (belonging to CPRM) installed at the 4 th Naval District, located in Belém, with coordinates: latitude -1°:47':53'' and longitude -48°:30':16" . A similar pluviometer, located about 8 km away from this position, and operated by the Brazilian Institute of Meteorology ( INMET ) , was also used for rainfall data information .
The SIPAM -LDN included up to12 LPATS IV -VAISALA sensors with a space configuration described in Rocha et al 2008, which covers part of the eastern Amazon region, including the city of Belem.
Besides these lightning and rainfall data, the analyses were complemented by means of satellite images and data provided by Brazilian National Institute for Space Research ( INPE), the Climanalise Bulletin, and the Para State Meteorology and Hydrology Forecasts Network ( RPCH).
Storm selection
The storms selected for study, fell under the severity criterion established by the Brazilian Aeronautics
Guide nº 105-2 , Aeronautical Routes Directorate (1964), which considers a rainfall event with accumulated precipitation between 25.1 and 50.0 mm, as intense; and precipitation beyond 50.0 mm as a severe event. In this study the accumulation rate of the rainfall was also considered, so that it was required that the selected events registered more than 25.0 mm per hour or more than 40 mm in two hours. Under these guidelines, four days of storms were chosen to display the time and space distributions, of lightning and rainfall around Belém.
Additionally, the atmospheric situation in those days was analyzed in a larger scale, to find out the meteorological contexts which produced those extreme local storms.
The large -scale analysis included displays, through the GRADS software, of the wind circulation configurations at 850 hPa and 200 hPa pressure levels. The zonal and meridian wind components during the selected days were drawn from the NCEP/NCAR site ( Kalnay et al. 1996) , through a consistent system of data assimilation used for its Global Circulation Model (GCM) with T621.28 resolution, i.e., approximately 210 km in latitude and longitude, plus 28 vertical levels.
The long wave radiation figures were derived from data collected by polar orbiting meteorological satellites (Liebmann et al., 1996) , available over a 2.5º by 2.5º, latitude versus longitude regular grid.
3-RESULTS AND DISCUSSION
3.1. Space and time distributions of lightning and rainfall during the case study days.
The Figure 1 (a,c,e,g) shows the hourly distributions of rainfall at one of the two pluviometer sites and the number of CG lightning detected within the 30 km radius circle over Belém. The case study days chosen were: 11 Dec, 2006 , 02 and 09 Jan, 2007 and 14 Feb, 2007 One may observe that the most intense electrical activity in these cases, occurred at 16 hours LT on 11
Dec , 2006; when 101 such discharge events happened in 15 minutes. In the same day, 636 CG lightning flashes were detected between 16 and 18 hours LT, i.e.,an average of nearly 70 events per 15 minute interval.
The pluviometer data from INMET registered rainfall at hourly intervals, while the other three cases were analyzed from a CPRM pluviometer data, with rainfall totaled at 15 minute intervals. Considering this XIV International Conference on Atmospheric Electricity, August 08-12, 2011, Rio de Janeiro, Brazil greater uncertainty on the time when the rainfall rates reached their peak values, for the case of INMET data, the peak was supposed to occur at the half hour, in the middle of the maximum hour record of rainfall.
On 11 Dec, 2006 , rainfall started at 14 hours LT, but reached its maximum rate of 41.8 mm/hour, at 18 hours LT of that day. This was the largest rainfall rate observed among the four cases analyzed.
This Figure The Figure 1 (b,d,f,h) shows that the CG lightning intense activity occurred between 13 and 19 hours LT, period which coincides with the hours of most intense air convection over the area. Additionally, this figure indicates that for the first case day, lightning exceptionally starts to occur over the Guajara Bay and later drifts eastward toward Belem. For all three subsequent cases, the electrical activity starts over land surfaces at east and northeast of the area, and drift westward as usually occur with the cloud systems which approach Belém, driven by the prevailing northeast winds at this local. 
Meteorological Analysis Summary
On a larger scale, the Figure 2 
CONCLUSIONS
For all storm cases studied, the occurrence rate of CG lightning flashes in Belém, peaked between 30 to 90 minutes before the precipitation rate reached it maxima values. Since this type of observation has also been verified for other severe storms in this area, there is reason to expect that the CG lightning frequency rate observed by existing lightning detection networks, might become a low cost alternative to radar, for example, to subsidize real time warning of imminent severe rainfall, to the local population. With an exception, most storms reached Belém, coming from the northeast quadrant, driven by the prevailing low level winds. This work also analyzed the larger scale climatic and weather configurations such as the ITCZ, SACZ and the Bolivian High, which especially when acting simultaneously, periodically produce intense convergence of moist air masses over this area, resulting on the formation of intense cumulonimbus cloud systems. Further analysis of these system configurations may provide a longer warning time frame, for the local severe lightning and rain storms.
